It is likely that the obesity epidemic is a 'systems effect'. That is, there are good reasons to believe that it has emerged from interactions between the variables that characterise human physiology and psychology, and those that characterise urban environments. 1,2 Interactions of this kind are dominant in such human-urban systems and can give rise to unexpected and unwanted policy outcomes. 3 In these circumstances it is not useful to look for the main cause of a management problem. Instead it is necessary to develop hypotheses about significant causal links between key system variables. In particular, it is necessary to move beyond thinking in terms of 'causal chains' to develop an ability to see 'causal loops'.
Feedback and its effects
The 'behaviour' of a human-urban system, the way that its variables change over time, emerges from interactions between these variables. [4] [5] [6] When a change in the value of a system variable is amplified by the system, the effect is called 'positive feedback'. The term 'positive' indicates only that changes are reinforced -it does not mean that the effects are necessarily good. Positive feedback effects are sometimes called runaway effects, bandwagon effects or vicious circles. They can lead to exponential growth or collapse.
When a change is opposed by the system the effect is called 'negative feedback'. Negative feedback effects work to hold system variables at established levels, thus stabilising the system. Note that the term 'negative' indicates only that changes are resisted -it does not mean that the effects are necessarily bad. The various homeostasis mechanisms that maintain stable conditions inside the human body are all examples of 'good' negative feedback.
These effects can be illustrated using 'causal loop diagrams' (the commentary associated with each of the following three figures explains how to approach a causal diagram). Figure 1 provides an example of a systems effect that is commonly called 'policy resistance' -a major cause of stubborn problems. The diagram can be read as follows: a desire for a high level of outdoor activity leads to an increase in the amount of open space preserved in the neighbourhood. Open space increases the popularity of the area. Increased popularity leads to a demand for additional housing. Finally, the demand for new housing leads to development pressures that can result in a reduction in the availability of open space. In this case, a possible leverage point involves breaking one of the links in the feedback loop -for example, the policy resistance can be removed if the pressure to develop open space is resisted.
The example shown in Figure 2 illustrates the amplifying effect of positive feedback. There is a negative feedback loop that operates to maintain the extent of the obesity problem. In this loop an increase in the number of obese individuals causes an increase in the popularity of weightloss programs. Then, the increase in the popularity of weight-loss programs reduces the extent of the obesity problem. But the tendency to see weight-loss programs as 'the solution' reduces efforts to identify and address the underlying drivers of obesity. This reduced focus allows urban population and lifestyle factors to increase the power of the drivers, which further increase the number of obese people. Over time the positive feedback loop shifts the balance point maintained by the negative feedback loop. Thus, the overall extent of the obesity problem increases slowly in response to the steady growth of urban populations and the excesses of Western urban cultures.
Complex systems have a large number of 'parts' that interact, via a network of feedback loops, to influence and constrain one another's behaviour. A human-urban system comprises the city's inhabitants plus the ecological, cultural, social and economic entities that make up their environment. Figure 3 shows a portion of the complex human-urban structure that might be expected to drive the obesity epidemic. Even though the diagram illustrates only a part of the possible structure, it is complex enough to show why a systems approach must be adopted when looking for leverage points that can help the community to tackle the epidemic. Note that, if commuting time increases, then the reinforcing loops R1 and R2 have the potential to amplify unhealthy behaviours (decreased time spent cooking and exercising). Such 'lock-in effects' are another major source of stubborn problems.
Taking a systems approach
There are well-developed system analysis tools that can be used to investigate the causal structure of human-environment systems. These range from influence diagrams to sophisticated modelling techniques that allow the construction of working simulations. 4, [8] [9] [10] It is possible, however, for an interdisciplinary group to make significant progress working with no more than influence diagrams. Influence diagrams can be thought of as causal loop diagrams (as presented here) without polarities assigned to the arrows. They are easier to produce than causal loop diagrams and so support an unconstrained approach that helps participants to capture their current understanding and intuitions. This freedom also helps to weaken the influence of conceptual barriers between disciplines. 11 As a first step toward the construction of an influence diagram it is valuable to generate lists of the variables that might be relevant to the target problem. The initial versions of such lists should be compiled in 'brain-storming' sessions involving people from a wide range of disciplines and sectors. See Table 1 for a starting list of variables that are likely to be relevant to the obesity problem. The variables listed include (a) cultural and social factors, (b) the beliefs that constitute community and individual worldviews (mental models), and (c) individual actions that might affect system behaviour.
The lists should be merged and the variables sorted into groups according to their status as (a) system variables, (b) external drivers of the system, and (c) irrelevant to the problem. 4 This 'causal loop diagram' illustrates a negative feedback mechanism that can contribute to obesity by reducing opportunities for physical activity. The blocks of text represent selected system variables. The curved arrows indicate flows of influence between these variables. Each arrow has a symbol that shows its 'polarity' . A plus sign (+) indicates that a change in the variable at the tail of the arrow will cause the variable at the head of the arrow to change in the same direction, assuming that no other causal influences act to cancel out the effect. A minus sign (-) indicates that a change in the variable at the tail of the arrow will cause the variable at the head of the arrow to change in the opposite direction (all else being equal). The short parallel lines drawn across one of the influence arrows indicate a delay in the system. The encircled B in the centre of the feedback loop labelled 'competition for space' indicates that this is a 'balancing' (negative feedback) loop that acts to counteract any change in any of its four variables.
variables. On this basis the team can then go on to identify possible feedback loops within the system (as was done in Figure 3 ).
Influence diagrams can provide the starting point for more extensive studies of the dynamics of human-urban systems. Our experience has shown, however, that the process of constructing and discussing influence diagrams can itself help a group to develop a greatly enhanced understanding of the behaviour of their system of interest. Such an endeavour, carried out collaboratively by public-health researchers, policy makers, and providers could provide valuable new insights into the drivers of the obesity epidemic.
Principles for managing complex human-environment systems
Recent work by Newell and Proust has led to a focus on four principles that can help guide attempts to manage in complex human-environment systems. 9,10 These principles, expressed in a form appropriate to the obesity problem, can be used to summarise the above discussion: Principles 1 and 2 capture generic aspects of system behaviour as observed in a wide range of situations. The phenomenon of policy resistance, as discussed above, is typical. Principles 3 and 4 capture two characteristics of systems that must be taken in to account in any management intervention. They are intended to counter the natural tendency of managers and policy-makers to focus on subproblems and to institute policies intended to solve each sub-problem separately.
Conclusion
Feedback system concepts are a natural and necessary component of an integrative approach to the obesity epidemic. Public health policies that are informed by these concepts, and the above system principles, have a good chance of proving effective in the face of this highly stubborn problem.
Extent of obesity problem
Popularity of weight-loss programs This diagram illustrates a commonly occurring situation that can be represented using a causal structure that Senge calls the 'Fixes that Fail' system archetype. 7 In this structure a rapidly operating negative feedback loop acts to 'fix' (balance out) the symptoms of a basic problem while a more slowly acting positive feedback loop acts steadily over time to make the basic problem worse. The encircled R in the centre of the feedback loop labelled 'long-term failure' indicates that this is a 'reinforcing' (positive feedback) loop that acts to amplify a change in any of its four variables. 
